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ECONO  PIC  PROBLEMS  OF  DETERMINING  THE  DURABILITY  OF  AIRCRAFT  FN  , JIFFS 


V.  K.  Vashchenko  * nd  G.  M.  Derkach 


; 

' 


Increasing  the  service  life,  reliability  and  maintainability  of 
aircraft  engines  is  a complex  problem  which  involves  design, 
technological,  operational  and  economic  problems.  We  will  discuss  the 
problem  of  establishing  the  optimum  number  of  major  overhauls  of 
derivative  engines  with  different,  service  lives  in  the  design  stage. 

The  minimum  calculated  expenditures  on  an  engine  per  hour  of 
operation  (-?»  *);  can  be  used  as  the  eccnomic  criterion  for  the 
preliminary  determination  of  the  optimum  number  of  major  overhauls  of 
these  engines: 
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.\.A  C,;l  1- / • in.  «) 

where  ov  A - the  prime  cost  of  the  engine  per  hour  of  operation, 

rubles; 

■N  » - the  fixed  and  circulating  capital  cf  the  orga  niza  t ior. 

operating  the  engine,  rubles; 

- the  standard  efficiency  coefficient. 


We  will  consider  the  dependence  of  these  values  on  the  number  of 
»a  jor  over  ha  uls. 

) 

The  prime  cost  of  the  engine  per  operating  hour  can  be  found  by 
the  f orm  ul a ; 
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•pi  - the  prime  cost  ot  a major  engine  overhaul,  rubles; 


n - the  number  of  major  overhauls; 

- the  oper  <i  t iona  1 expenses  on  servicing  and  fuel  and 
lubricants  consumed  per  hour  of  engine  operation,  rubles; 

r - the  service  life  of  the  engine  between  overhauls,  hours. 

As  formula  (2)  shows,  only  the  prime  repair  cost  depends  or.  the 
number  of  major  overhauls  of  an  engine,  and  here  not  the  en* ir-  prime 
cost,  but  only  the  expenditures  on  replaceable  spare  parts  depend  ot. 
this.  These  expenses  are  called  standard  variable  expenses 
(C fnr ) depending  on  the  value  of  n. 

The  prime  cost  of  a major  overhaul 


rv  K,„p  e„  ; d ; VH  bxr,  (3> 


where  r,  - standard  fixed  expenditures,  i.e.,  expenditures  on 
repair  without  consideration  of  replaceable  spate  parts,  rubles; 
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A - the  equation  parameter; 

b„,  k . _ the  coefficients  of  the  increase  in  expenditures 
depending  on  the  increase  in  n and  r,  respectively. 

It  follows  from  equation  (3)  that 

n 

— * (‘Vi\n  \ r ^ hn [ri  } !)|  bt  ,J„.  (1) 

Expenditures  on  servicing  and  fuel  and  lubricants  increase  in 
proportion  to  the  length  of  time  the  engine  is  in  operation.  These 
expendtures  are  fixed  per  hour  of  the  engine’s  operation. 

The  greatest  difficulty  lies  in  determining  the  value  of  4>, 


where  </>  - the  annual  fixed  and  circulating  capital  of  the 
organization  operating  the  engine,  rubles; 

r-  - the  annual  flying  time  of  the  aircraft,  hours. 

We  will  consider  the  change  in  the  components  of  values  '/>  with 
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the  increase  in  the  number  of  major  engine  overhauls  at  r = const. 

The  fixed  and  circulating  capital  of  the  organization  operatir  ; 
the  engine  are  composed  of  the  capital  cf  the  repair  shops  and 
airports. 

The  fixed  capital  consists  of  the  cost  of  their  equipment, 
buildings  and  installations  (including  the  aircraft  maintenance 
base),  as  well  as  the  aircraft  and  engine  fleet,  and  the  circulating 
capital  - the  cost  of  materials,  spare  parts,  fuel,  oil,  etc. 

without  consideration  of  the  engine  fleet,  the  absolute  value  of 
the  fixed  and  circulating  capital  of  repair  sheps  and  airport;; 
increases  with  the  increase  in  the  number  cf  major  overhauls  of 
derivative  engines  with  a given  service  life.  Thus,  as  the  volume  of 
work  cn  major  overhauls  and  maintenance  increases,  more  tyoes  of  this 
work  are  done,  which  increases  the  amount  of  equipment  needed  *o 
outfit  the  buildings,  installations,  and  circulating  capital. 

There  are  virtually  no  procedures  available  for  determining 
fixed  and  circulating  capital.  For  a repair  shop  CM  , their  value 
can  be  approximated  as  follows: 


1 


- \4 

^ ■ *' 
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where  ’’  - the  fixed  and  circulating  capital  of  the  .jh-ir, 

respectively,  rubles; 

- commodity  output,  rutles; 

Ai  - the  fixed  and  circulating  capital  earned  per  r uil* 

of  commodity  output. 

Studies  have  shown  that  K»  is  close  tc  one  for  differen*  re pa i 
shops.  For  rough  ca leu lat ions,  we  can  say  that  A*  1 Then 


Even  if  its  lower  limit  is  projected,  the  repair  cost  provides 
the  plant  with  a standard  level  of  profitableness,  no  matter  whit  tt 
number  of  repairs.  Thus,  when  determining  the  optimum  number  of 
overhauls  the  standard  level  of  profitableness  is  accounted  for  in 
the  repair  cost  in  expenses  per  operating  hour  cf  the  engine. 

Different  types  of  aircraft  and  engines  with  different  service 
life  derivatives  are  operated  simultaneously  at  airports.  Therefore, 
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it  is  very  difficult  to  determine  the  fixed  and  circulating  capital 
of  airports  without  considering  the  aircraft  fleet.  Th»  mean  annual 
value  of  *-his  capitdl  can  arbitrarily  le  considered  to  bo  fixel  for 
rough  calculations. 

The  fixed  capital  of  airports  also  includes  the  cost  of  t h. 
engine  fleet.  The  cost  of  a derivative  engine  with  a particular 
service  life  is  fixed.  The  annual  engine  requirement  depends  on  th-- 
number  of  aircraft  needed  and  the  number  of  engines  per  aircraft.  pr* 
number  of  aircraft  depends  on  the  annual  transportation  re  qn  i r u r t.  r . 

Both  the  aircraft  fleet  (and,  therefore,  the  number  of  onii:-. 
as  w«ll)  and  their  annual  flying  time  increase  as  the  volume  of 
transportation  increases.  Consequently,  the  mean  annual  cost  of  t!.< 
engine  fleet  per  hour  of  operation  will  vary  insignificantly,  ana  can 
be  considered  to  be  fixed  for  approximate  calcula tions. 


Thus,  we  can  also  say  that  7>„.  4 .-oust. 


Wo  will  expand  formula  (1),  revealing  the  values  which  lepend  on 
the  number  of  major  engine  overhauls: 

i-l  l-'Vf  ryn  -i  \a  ! \ K (n  -1-  i)  t-  v|" 

• ' v 


t(«  I i) 

x (i  :•  / ,.)  I A,  i 


•in. 


17) 
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Setting  the  first  derivative  of  equation  (7)  equal  to  7.  to,  w 
will  obtain  the  formula  for  establishing  the  economically  optimum 
number  of  major  overhauls  of  a derivative  engine  with  a particular 
service  life  ("•  ); 


where  and  fn  are  the  sequential  numbers  of  the  quarters  from  the 
beginring  of  the  series  production  of  the  engines  and  their  repair, 
respect ive  ly . 

As  formula  (8)  shows,  ” ■ depends  on  the  ratio  of  expenditur 
cn  experimental  design  work  and  series  production,  as  well  as  on 
repair  expenses,  which. are  affected  by  the  time  factor. 


This  makes  it  necessary  to  consider  first-crder  obsolescence. 
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i.o.  , the  depreciation  of  an  engine  through  time.  Therefore,  •„ • n.  u t 
find  cut  when  it  is  advisable  to  determine  this  value. 

Actually,  by  the  time  a seties-prcduced  enqine  is  overhauled, 

the  prime  cost  of  similar  enqine  versiors  with  the  same  service  life 

has  been  reduced.  In  order  to  take  this  intc  consideration  when 

determining  the  prime  cost  of  manufacturing  engines,  it  is  nerei-sary 

to  account  for  the  quarter  corresponding  tc  the  time  during  wl ich  ♦} 
*■ 

engine  was  overhauled. 

f 

; Furthermore,  each  subsequent  major  overhaul  of  the  same  engir.* 

is  done  after  a specified  period  of  time,  which  changes  its  pr i n 
cost  both  during  series  production  and  during  Lepair.  Tnis  mu..*  a 1 so 
be  taken  into  consideration  when  determining  - 


The  time  between  major  engine  overhauls  (hi)  depends  on  the 
service  life  between  repairs,  the  annual  flying  time  of  the  aiiciif*, 
and  the  transportation  and  storage  time: 


\i 


it 

i\ 


I-/. 


('») 


where  t is  the  engine  transportation  and  storage  time,  in  quarters. 
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The  tim<->  between  .in  engine's  f irs*  ma  jet  overhaul  ml  u . 
subsequent  overhaul 


I)- 


I ! ') 


Thus,  in  order  to  account  for  the  effect  cf  first-order 
o tsolescence  when  determining  it  is  necessary  to  add  v h =>  valu 

cf  v„  t.o  the  number  of  the  quarter  of  series  production  and  repair 

1 n formula  (B) . 

The  figure  shows  the  change  in  the  value  cf  the  optimum  number 
of  overhauls  of  engines  with  different  service  lives  between  repairs 
(r,,  t?»  t3»  Tw)  » depending  on  the  time  the  repairs  are  made.  Th* 
expenditures  on  series  production  are  net  reduced  as  much  during  t ho 
period  when  the  repair  is  begun  as  in  the  period  of  the  adoption  of 
production.  The  expenditures  on  repairing  an  engine  with  service  lit 
r,  between  repairs  decrease  markedly  during  the  period  of  the 

adeptien  of  production;  therefore,  the  value  cf  f! markedly 
increases.  After  this  period,  expenditures  on  repair  are  reduced  mor 
gradually.  Thus,  the  value  cf  the  optimum  nurobei  of  overhauls  of 
engines  with  different  service  lives  between  repairs  changes 
insignificantly  (within  0.5  over  an  extended  period).  In  essence, 
this  means  that  the  value  of  can  be  determined  for  any  engine 
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at  any  time  after  the  period  of  the  adoption  of  this  engine's  r»'jair 
process. 

Second-order  obsolescence  also  affects  the  value  of  t h< 
economically  optimum  number  of  majOL  engine  overhauls.  An  old  engine 
depreciates  as  derivative  engines  with  a longer  service  life  betve<! 
repairs  appear.  Both  expenditures  on  series  production  and  tho. 
experimental  design  work  related  to  designing  the  engine  with  tp,  j 
service  life  "depreciate."  With  the  condition  of  the  equal 
profitableness  of  the  use  of  the  old  and  new  service  life  versions  in 
the  national  economy,  t he  expenditures  cn  experimental  design  work 
and  series  production  for  the  two  versions  should  be  equal  to: 


Cl) 


where  C and  M are  subscripts  designating  the  old  and  new  service 
life  versions  of  the  engine,  respectively. 


Whenc e, 
ex pen  dit ur es 


with  consideration  of  their  depreciation,  the 
related  to  the  old  service  life  version  are: 
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Figure.  Change*  in  the  value  of  the  optimum  number  of  engine  overhaul;* 
depending  on  the  repair  process  time. 
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Substituting  expression  (12)  in  equation  (8),  we  obtain  t !•• 
formula  for  establishing  the  economically  optimum  number  of  mi  tot 
overhauls  of  derivative  engines  with  a given  service  lif°  wit-h 
consideration  of  second-order  ohsolescf ncp; 


(' ::«  : r >’y„c  A|Ctc 

* M 


Thus,  the  economically  optimum  number  of  major  engine  ov-r  nil. 
at  r = const  must  be  determined  durinq  the  period  of  the  adept:  or 
the  repair  process  with  consideration  cf  the  appearance  of  no. 
service  life  derivatives. 
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